Theory
Optical scanning holography (OSH) is a technique that records the holographic information of a three-dimensional scene by two-dimensional scanning [1] . The setup of the OSH is as Fig. 1 shows while the pupil p 2 is a pinhole. With this setup the optical transfer function (OTF) [1] is
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where p n is the pupil function, k x , k y are the spatial frequency coordinates, f is the focal length of the lens, and λ is the illumination wavelength. Fig. 1 . Setup of the modified OSH system with a spiral phase plate (SPP).
The resolution of the OSH system is an important issue, especially the depth resolution. To improve it, there are many different techniques have been developed. On one hand, the resolution was enhanced by recording more information of the objects, such as the double detection method with different wavelengths (DW-OSH) [2] , positions (DD-OSH) [3] or pupils (DP-OSH) [4] changed in the detection process. On the other hand, the point spread function (PSF) of the OSH system is manipulated by designing the pupils [5, 6] , since the resolution of an optical system is revealed by the characteristics of the Fresnel zone plate (FZP). Recently, SPP was used to achieve edge extraction in the OSH [7] . In this paper we propose a new way of using the SPP in the OSH and demonstrate that can enhance the depth resolution of the OSH, which we call it SPP-OSH. In the proposed SPP-OSH system, the pinhole in the conventional setup is replaced by an SPP. The SPP can be a digital holographic element (DOE) or spatial light modulator (SLM) which acts as an SPP. With this setup, zone plate pattern in the scanning mirror plane (SM in Fig. 1 ) is the interferometric intensity of a spherical beam and a vortex beam. The spiral phase function is lθ , where l is the topological charge and (r, θ ) is polar coordinate. We consider l = 1 in this paper. The vortex wave after p 2 becomes
and the Fourier transform of Eq. (2) is
where (ρ, ϕ) is polar coordinate, λ is the wavelength and f is the focal length of the lens. J n is the n-th order Bessel function, H n is the n-th order Struve function. By substituting Eq. (2) and Eq. (3) into Eq. (1), we have
From Eq. (4), it can be observed that the transfer function in the SPP-OSH system is the combination of the conventional transfer function and the transfer function of the SPP. In the simulation, we compared the proposed method to the conventional OSH and the DW-OSH. Fig. 2 (a) and (b) are the two plane images of the object used in the simulation. The two images were separated along the optical axis with a distance of ∆z. The wavelength of the illumination laser is λ = 532nm, the other wavelength in the DW-OSH is λ = 632nm. The scanning step is 0.1µm. Fig. 2(c) and (e) are the zone patterns of the conventional OSH or DW-OSH and SPP-OSH respectively, and Fig. 2(d) and (f) are the holograms of the conventional OSH or DW-OSH and SPP-OSH respectively. In the hologram generation, the system contains white Gaussian noise at 30dB. Fig. 3 . The correlation between the reconstructed images and the original images in terms of the depth interval of the object planes.
Simulation Results
Block Jacobi-type restrictive preconditioned conjugate gradient(BJ-PRPCG) [2, 8] algorithm was used to reconstruct the sectional images from the holograms. Fig. 3(a) shows the correlation coefficients of the reconstructed images versus the depth distance between the object image planes. The blue dashed line is the conventional OSH, the black dotted line is the DW-OSH, and the red solid line is the proposed SPP-OSH. Fig. 3(b) is the magnified image of the yellow square area in Fig. 3(a) . It can be observed that the depth resolution of the DW-OSH and the SPP-OSH is much better than the conventional OSH, and the SPP-OSH is better than the DW-OSH. However, the DW-OSH get better correlation coefficient when the depth interval of the object planes is larger. If we define the depth resolution as the distance interval in the object planes when the correlation of the reconstructed images is larger than 0.8, the depth resolutions of the OSH, DW-OSH and the SPP-OSH are 30µm, 1µm and 0.4µm respectively. The threshold is chosen as 0.8 since the conventional OSH starts changing very slowly while the value is larger than 0.8 in our simulation. Fig. 4(a-c) are the reconstructed images with the conventional OSH, DW-OSH and SPP-OSH while the depth distance of the object image planes is 30µm and Fig. 4(d-f) are the reconstructions while the depth distance of the object planes is 0.4 µm. The depth resolution of the proposed method is much better than the conventional OSH and the DW-OSH. 
Summary
The SPP increases the number of the zone plates, and reduces the width of the outermost zone, therefore enhances the depth resolution in the OSH. In our simulation, it reaches even 0.4µm with only a single hologram.
